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More importantly, homB presence is significantly associated with development of peptic 74 ulcer disease in Portuguese children and young adults (14, 17), and with gastric cancer 75 development and the presence of cagA in US and Colombian populations (11). These 76 findings suggest that the outer membrane protein HomB is a novel virulence factor. Thus, 77
it and other members of the small paralogous family of hom adhesion molecules are 78 currently being investigated. The two currently best-studied hom genes, homA and homB 79 are 90% identical at the nucleotide level (2, 3, 17). These homA and homB genes can be 80 present at two different loci within the H. pylori genome: locus A and locus B. Strains 81 can carry a single copy of one of the hom genes, a double copy of a single gene, or a 82 single copy of each gene (14, 15). Previous studies suggest geographic differences, either 83 in distribution, location, or copy number of the hom genes in the genome, and suggest 84 that these differences influence any association with disease outcome (14, 15, 16) . 85
In the present study, our collection of 260 South Korean isolates was assessed for 86 any associations between the distribution of the homA or homB genes and disease state, 87 as well as any associations between the hom genes and the different cagA and vacA 88 alleles. The South Korean isolates include 115 isolates from patients diagnosed with 89 gastritis, 60 isolates from patients diagnosed with gastric ulcers, 55 isolates from patients 90 diagnosed with duodenal ulcers, and 30 isolates from patients diagnosed with gastric 91 cancer (8, 9, 10). A complete description of all strains can be found in Supplementary 92 Once the strains were genotyped for the presence of the two hom genes, we next 103 sought to define the copy number and location of the gene(s). This was accomplished 104 through two additional PCR reactions (Fig. 1) 
found. 131
We next assessed whether there was an association between the distribution of the 132 individual hom gene(s) and disease state. A complete breakdown of the hom allele and 133 disease state is provided in Supplementary Table 1 and Supplementary Table 2 
. The 134
Fisher's exact test was used to analyze two way associations using SAS version 9.1 135 software (SAS Institute Inc., Cary, NC). There was no association between the 136 distribution of the hom gene and disease state among this population of East Asian strains 137 (P=0.9978), which is in direct contrast to Western populations (11, 14). In fact, there was 138 no association no matter which disease states were assessed (Table 2) . 139
Since there is a statistical association with the presence of homB and gastric cancer 140 in Western populations, which carry the single hom gene at locus A, and not in East 141
Asian populations, which carry the single hom gene at locus B, these data perhaps 142 on July 5, 2017 by guest http://jcm.asm.org/ Downloaded from suggest that the location of the hom gene within the genome is important. Genes carried 143 at one particular locus could be expressed at greater levels; the promoter of homA or 144 homB may differ enough to influence transcriptional levels of each gene, or the different 145 loci within the genome may provide the ability for different enhancers/inhibitors of each 146 hom gene to bind and influence overall levels of the hom transcript. 147
Recently, it has become clear that individual virulence factors interact in order to 148 impact H. pylori pathogenesis (1, 8, 9, 24). Since homB is associated with cagA within 149
Western populations (11, 14), we next assessed the distribution of hom genes, in 150 combination with the cagA alleles, the vacA alleles, and disease state. A complete 151 breakdown of the strains based on these factors is provided in Supplementary Table 3 . 152
We first assessed if there was any association between the distribution of the hom alleles 153 among the different cagA alleles (a canonical EPIYA-ABD versus all other EPIYA 154 motifs). We found that there was no association between the distribution of hom alleles 155 among the different cagA alleles (P=0.0872). Furthermore, there was no association 156 when each gene was considered separately: distribution of homA (P=0.6139) or homB 157 (P=0.2217) across the different cagA alleles. We next analyzed the association between 158 the distribution of the hom alleles among the different vacA alleles (Supplementary Table  159 3) and found that the distribution of vacA alleles among the two hom genes was 160 statistically significant (P=0.0142). This association was dependent only on the homB 161 allele (P=0.0275), since there was no association between the distribution of the homA 162 allele and the vacA allele (P=0.3955). The overall association between the vacA alleles 163 and the hom alleles was also influenced by the distribution of cagA alleles; the 164 association was present in the non-EPIYA-ABD population (P=0.0319), but not in the 165 on July 5, 2017 by guest http://jcm.asm.org/ Downloaded from EPIYA-ABD population (P=0.1014). Due to this difference, we used log linear modeling 166 to determine if there was a three way association between the cagA, vacA, and hom 167 alleles. However, no association between these three virulence factors was identified 168 (P=0.681). Another interesting aspect of this vacA/hom association, was that it appeared 169 to be influenced by the age of the patient; the association only became evident in the 170 population above 60 years of age (P=0.0076). A higher order association between the 171 cagA, vacA, hom alleles and disease states was also assessed, but no significant 172 associations existed between the virulence factors and disease state. 173
In conclusion, this is the first study to assess the association between the presence 174 of the homB gene and gastric cancer in a population of predominantly East Asian strains; 175 we found that the impact of the homB allele on disease is geographically dependent. In 176
Western strains, there is a more even distribution of the homA and homB genes, while in 177 East Asian strain,s homB is more common (Fig. 2) (14, 15) . Moreover, Western strains 178 carry a single hom gene at locus A, whereas East Asian strains carry a single hom gene at 179 locus B (Fig. 2) (14, 15) . This study was the first to identify the presence of any East 180
Asian isolates that carry multiple copies of the hom genes. Interestingly, in this 181 population, no association between the presence of homB and the progression to gastric 182 cancer was found ( Table 2 were designed according to the genome sequences of the Korean H. pylori strains HP51 292 and HP52 (Genebank accession numbers CP000012 and CP001680, respectively). For 293 locus A a resulting amplicon of 300 to 900-bp indicates that locus A is empty whereas the 294 presence of a 2,000 to 2,500-bp amplicon confirms that locus A is occupied by a hom 295 gene. In the case of locus B, a 1,300 to 1,800-bp amplicon denotes that B is empty and 296 the presence of a 2,500 to 4,000-bp amplicon indicates that locus B is occupied by a hom 297 
